The ability of herpes simplex virus (HSV-1) to reactivate from latency in sensory ganglia is central to the pathogenesis of recurrent infection. Several studies have strongly suggested that the neuron is the site of reactivation (16, 21) , although the fate of such neurons is still undetermined. After reactivation in vivo in the trigeminal ganglion (TG), only small numbers of virus antigen-positive neurons have been identified, and only small amounts of infectious virus were detected (16, 21) . This highly restricted replication may explain the failure to detect virus DNA replication and the transience of expression of productive-cycle transcripts (1) . Reactivation will, of course, occur in a host with an immunity already primed against the virus. It is therefore likely that the mounting of a virus-specific secondary immune response will play a major part in the rapid and effective control of infection. This supposition is supported by the observation of focal infiltrates of T cells, both CD4
ϩ and CD8 ϩ , in close association with virus antigen-positive neurons as early as 1 day after stimulation to induce reactivation (21) . Although these lymphocytes were the predominant infiltrating cell type when virus antigen was being cleared, by day 4 large numbers of B cells were also present, suggesting that local antibody production may also aid the control of reactivated infection. It appears that the efficiency of the immune system in controlling reactivated infection within the sensory ganglion, at least in the mouse, results in a significant proportion of reactivation events being aborted at an early stage, before they can lead to disease or viral shedding at the periphery (21) .
After reactivation, the initial presentation of antigen is likely to be mediated by resident major histocompatibility complex (MHC) class II ϩ /F4/80 ϩ immune cells (21) . Their presence, together with the rapid appearance of T cells (probably virusspecific memory cells) provide the basis for the secondary immune response. However, a direct cytotoxic role for CD8 ϩ T cells is problematic, since neurons do not normally express MHC class I and are well protected by ensheathing satellite cells. Nevertheless, these T cells may play a role in viral clearance via the production of antiviral cytokines. Evidence for such a function comes from studies on hepatitis B virus infection, where secretion of gamma interferon (IFN-␥) and tumor necrosis factor alpha (TNF-␣), by CD8 ϩ T cells can abolish viral gene expression and replication (7) .
The production of a range of cytokines in the TG following primary infection with HSV-1 has been investigated by a variety of methods, but there is no consensus on which cytokines are of primary importance during the clearance of virus. For example, using double staining we have demonstrated large numbers of TNF-␣ ϩ and/or IL-6 ϩ cells, together with smaller numbers of IFN-␥ ϩ cells, early in the course of infection (day 3), and these were seen in close association with virus antigen (22) . mRNA for IFN-␥ and TNF-␣ were detected by reversetranscriptase (RT)-PCR at a similar time (3) . In contrast, in the immunohistochemical study of Liu et al. (13) IFN-␥ and IL-4 were the predominant cytokines present early in infection. The role of IL-10 during viral clearance also appears to be equivocal; in our studies no IL-10 ϩ cells were detected, but others have identified small numbers of such cells (13) and Halford et al. (8) found mRNA for this cytokine in 100% of the TG samples taken 5 to 7 days after infection.
In addition to infiltrating immune cells, the resident satellite and Schwann cells of the peripheral nervous system (PNS) and astrocytes in the central nervous system (CNS) at the dorsal root entry zone (DRE) can also be potent sources of TNF-␣ and IL-6. It has been suggested that, via these cytokines, glial cells may also be involved in viral clearance and in normal homeostatic mechanisms in the nervous system, such as repair and protection of neurons from damage (22) .
In contrast to the events in the TG during primary infection, the role of cytokines in reactivation has only recently started to be explored (4, 11, 14) . We now report studies on cytokine production (IL-2, IL-4, IL-6, IL-10, IFN-␥, and TNF-␣) in response to reactivated virus in the TG with a mouse model in which reactivation and recurrent disease are induced by UV irradiation of the cornea (18) . The immunohistochemical method used allows simultaneous detection of virus antigen and cells producing the cytokines.
During primary infection, virus can spread to the CNS via the DRE, resulting in immune cell infiltration and cytokine production at this site. To investigate whether, following reactivation of virus in the TG, similar events occur in the contiguous CNS, our tissue specimens included both the TG and its attached DRE (TG/DRE).
MATERIALS AND METHODS
Reactivation model. Specific-pathogen-free, 8-week-old female NIH/OLA inbred mice were obtained from Harlan/Olac; they were maintained as a breeding colony in the Department of Pathology and Microbiology, University of Bristol, Bristol, United Kingdom. Mice were anesthetized with 100 mg of ketamine (Parke-Davies Veterinary, Pontypool, United Kingdom) and 10 mg of xylazine (Bayer plc., Bury St. Edmonds, United Kingdom) per kg of body weight and inoculated by scarification of the left cornea with a 26-gauge needle (24) through a 5-l drop of medium containing 10 4 PFU of HSV-1 strain McKrae. Control mice were inoculated in the same way with a preparation of uninfected Vero cells made in the same manner as the virus inoculum (mock inoculum). Twenty-four hours before inoculation, the animals were inoculated intraperitoneally with human serum (Chemicon International, Temecula, Calif.) containing antibodies to HSV-1. The serum was diluted in phosphate-buffered saline (PBS) to give a 50% effective dose of 8,000. Passive immunization was used to protect the eye from the severe damaging effects of HSV-1 disease (19) . Only mice that survived primary infection with undamaged eyes were used for reactivation of latent infection. At least 60 days after the inoculation of virus, mice were anesthetized and placed with the left eye proptosed below a Hanovia lamp (emitting a peak of 4.02 mJ/cm 2 ⅐ s at 320 nm), and the left corneas and lids were irradiated for 90 s (18) .
Isolation of virus from eye washings. Immediately before UV irradiation and on days 1 to 10 after such treatment, mice were anesthetized and eye washings were taken and put onto Vero cells for the isolation of virus (24) .
Dissection and processing of tissues. Anesthetized mice were perfused with periodate-lysine-phosphate buffer (PLP), to which a paraformaldehyde-dextrose solution was added to give a final concentration of 0.5% paraformaldehyde (26) . The left TG with its DRE attached was carefully dissected from the skull and placed ventral surface down in curretting cassettes. Other tissues from uninfected mice and unimmunized animals infected on the cornea with HSV-1 were taken as positive control tissues for staining for cytokines and for HSV-1 antigens (22, 27) . Tissues were processed as described previously (26) . In brief, they were fixed overnight in PLP at 4°C, rapidly dehydrated, and then infiltrated under vacuum with low-temperature paraffin wax. Serial transverse 6-m sections were cut and transferred to glass microscope slides precoated with poly-L-lysine. Slides were dried overnight at 37°C, wrapped in aluminum foil, and stored desiccated at Ϫ20°C.
Immunohistochemical staining for cytokines and HSV-1 antigens. Sections were first stained for cytokines with monoclonal antibodies and then for virus antigens with a polyclonal antibody. The details of the staining procedure have been described previously (22, 27) . The following clones of the rat anti-mouse monoclonal antibodies were used: anti-IL-2 (SB46), anti-IL-4 (BVD4-1D11), anti-IL-6 (MP5-20F3), anti-IL-10 (JES-2A5), and anti-TNF-␣ (MPG-XT22). A hamster anti-mouse monoclonal antibody clone RP.64 was used to stain for IFN-␥. In addition, the following isotype control monoclonal antibodies were used: immunoglobulin G1 (IgG1; R3-34), IgG2a (R35-95), and IgG2b (R35-38) raised in rats and IgG1 (G235-2356) raised in hamster. The monoclonal antibody to IL-6 was obtained from Cambridge Bioscience; the monoclonal antibodies to IL-2, IL-10, and IFN-␥ were from Harlan Sera Lab, and those to IL-4 and TNF-␣ were from PharMingen. The chromogens were diaminobenzidine for cytokine staining, which gave a brown end product, and Vector VIP (Vector Laboratories, Peterborough, United Kingdom) for virus antigens, which gave a purple end product. Sections were counterstained with methyl green, dehydrated, and mounted in Histomount (National Diagnostics).
Positive and negative control sections were included in each staining run. Positive control sections for cytokine staining were as follows: small intestine with Peyer's patch stained for IL-2, IL-4, and IL-10; spleen for TNF-␣; and eyes 5 days after inoculation of HSV-1 for IL-6 and IFN-␥. Such tissues have been reported to be reliable sources of these cytokines (27) . To check the specificity of staining for cytokines, negative control slides were prepared from sections of TG/DRE incubated with diluent instead of the primary antibody or with rat IgG1, IgG2a, or IgG2b or hamster IgG1 isotype controls appropriate to the isotype of, and at the same concentration as, the respective monoclonal antibody against the cytokine. Sections of TG from mice inoculated on the cornea with 10 4 PFU of HSV-1 strain McKrae 5 days previously were used as positive controls for staining for HSV-1 antigens. Similar sections, in which the primary antibody was replaced by normal rabbit serum, were used as negative controls for staining for HSV-1 antigens.
Counting of cells stained with monoclonal antibodies. Cytokine-producing cells were identified by the presence of intracellular immunoreactivity by using ϫ40 or ϫ100 objective lenses. Extracellular staining in the absence of a coproducer cell was disregarded. In most cases, stained cells were seen in small foci which were not large enough to allow counts beyond one grid area of 0.04 mm 2 . Three adjacent serial sections were stained for a particular cytokine, the following three for a different cytokine, and so on. Because of technical problems, counts could not be consistently done on all three sections. Therefore, counts for each anti-cytokine antibody were done in the area of maximum staining in one grid area on each of two sections, and this method does not allow any measure of deviation from the mean.
RESULTS
Experimental protocol. The results are a compilation of two separate experiments. On day 1 after UV irradiation, 14 latently infected mice were killed, and the TG/DRE were removed. On day 2, eight were killed; on days 3, 4, 6, 7, and 10, six mice were killed. TG/DRE samples were removed from two mice given mock inoculum at each timepoint tested. Samples obtained at each timepoint were divided into two equal groups. Serial sections of the entire samples were cut and stained for both HSV-1 antigens and cytokines (group 1 for TNF-␣, IL-2, and IFN-␥ and group 2 for IL-4, IL-6, and IL-10). Of the approximately 20,000 neurons per ganglion, only small numbers are known to reactivate, and the foci of infiltrating cells are small; therefore, examination of serial sections of the entire TG/DRE samples was essential in order not to miss the areas of interest. Serial sections from three latently infected animals that had not been UV irradiated were stained as a control for resident cytokine-producing cells.
Isolation of virus from eye washings. Virus was isolated from eye washings of 3 of 32 mice on day 2, from 8 of 24 mice on day 3, from 7 of 18 mice on day 4, and from 1 of 12 mice on days 5 and 6. No virus was isolated on days 7 to 10. The eye washing from one mouse taken before UV irradiation yielded virus; this animal also shed HSV the following day. Such virus was presumably the result of spontaneous reactivation. Amounts of virus isolated from individual mice varied from 1 PFU on a single day to Ͼ100 PFU on each of three consecutive days. All animals who shed virus in eye washings had easily recognizable infiltrates of immune cells in the TG. Overall, virus was isolated from 12 (27%) of the 45 latently infected mice subjected to UV irradiation.
Virus antigen. On day 2 after UV irradiation, 4 of 8 ganglia had virus antigen in the TG. This incidence declined to 2 of 6 positive ganglia on days 3 and 4 and 1 of 6 ganglia on day 6 or 7 (Table 1) . No virus antigen was detected on day 1 or day 10 after irradiation or in samples from mock-inoculated mice or in the ganglia from latently infected animals not stimulated by irradiation. HSV-1 antigen was not detected in the CNS at the DRE in any sample tested. Antigen was detected in cells which were unequivocally neurons, and such cells were seen in samples obtained on days 2 to 4; their numbers in individual TG ranged from 1 to 6. At the same times, virus antigen was also seen in cells which, from their morphology, appeared to be disintegrating neurons (Fig. 1A and B) and on days 2 to 6 in cells which were probably immune cells. The majority of cells expressing virus antigen were in the mediodorsal part of the TG and unequivocally in the ophthalmic part (TG1), but a smaller number were seen in the area where the TG1 borders the maxillary part (TG2). No virus antigen-positive cells were seen in the mandibular part (TG3). The overall incidence of virus antigen induced by UV irradiation was 9 of 45 samples (20%).
Cytokines in the TG/DRE from mock-inoculated UV-irradiated animals and unirradiated latently infected mice. At all timepoints tested after UV irradiation, nearly all satellite cells in the TG of mock-inoculated mice stained for TNF-␣. On days 1 and 2 after UV irradiation, nearly all of these cells also stained for IL-6. On subsequent days, the number of satellite cells expressing IL-6 declined to approximately 10% of the total number. At the DRE, positive staining for TNF-␣ and/or IL-6 was seen in cells with a dendritic morphology that lay in a line in the CNS. No other cytokines were detected in the TG/DRE.
In unirradiated latently infected mice, TNF-␣ expression was detected in nearly all of the satellite cells and most satellite cells also showed weak staining for IL-6. A small number of other TNF-␣ ϩ cells (Ͻ1 cell/grid area) were scattered throughout the TG. At the DRE, in addition to the stained cells seen in samples from mock-inoculated mice, there were a few TNF-␣ ϩ cells, which by their morphology appeared to be astrocytes. No other cytokines were detected.
Cytokine production in latently infected ganglia after UV irradiation to stimulate reactivation. Immune cell infiltration of the TG/DRE was very rapid (Fig. 1B and C) . On day 1 after UV irradiation, 2 of 13 samples had very small foci of infiltrating cells. By day 2, the foci were larger, and their incidence had increased to 6 of 8 (75%). These foci were often in close association with HSV-1 antigen-positive neurons, and some of the immune cells even adhered to the neuronal cell membrane (Fig. 1B) . The foci contained over 200 cells per grid area. At later time points the distribution of immune cells was less dense and more widespread over the TG1, and in some samples the cells had also infiltrated the TG2. Infiltrating cells were seen in the PNS and CNS in the ophthalmic part of the DRE in one TG/DRE sample taken on day 3 and in two samples taken on day 4. The overall incidence of infiltrating immune cells in the TG/DRE induced by UV irradiation was 28 of 45 samples (62%).
TNF-␣ and IL-6 were the only cytokines detected within the immune cells that formed the focal infiltrates (Fig. 1A and D) . The numbers of cells expressing these cytokines were large; for example, in many foci more than 100 cells stained for IL-6 and more than 140 stained for TNF-␣ (Fig. 2) . In addition, the intensity of the staining suggested that large amounts of these cytokines were being produced. Many of these cytokine-producing cells were nondendritic and mononuclear, suggesting that they were lymphocytes. In most cases, the foci were not large enough to allow staining of serial sections for all cytokines. Hence, in some cases the apparent absence of TNF-␣ or IL-6 may result from the lack of sufficient sections. At later time points, when the infiltrate had become more diffuse, the number of cells producing IL-6 and/or TNF-␣ ( Fig. 2A and B) and the intensity of the staining declined.
Very small numbers of IL-4 ϩ cells were seen in some samples taken on days 3 and 4 (one to four cells per grid area). By day 10, all of the samples had IL-4 ϩ cells, although there was considerable variation among the samples in the numbers (ranging from 3 to 24 cells per grid area). In all cases, the IL-4 ϩ cells were evenly scattered over TG1 (Fig. 1E) . Only occasional cells expressing IL-2 or IFN-␥ were detected, and these were usually in the large masses of cells under the arachnoid membrane or in the axon-rich peripheral part of the TG. No IL-10 ϩ cells were seen.
In some TG samples, particularly those which had evidence of multiple sites of reactivation, infiltrating cells were seen on both the PNS and CNS sides of the DRE. Such cells stained for TNF-␣ and/or IL-6 at times when there were focal infiltrates of immune cells staining for these cytokines in the TG. In addition, there appeared to be an upregulation of expression of TNF-␣ and/or IL-6 in the cells with a dendritic morphology arranged linearly at the DRE in the CNS. At later time points, small numbers of IL-4 ϩ cells were also detected in a focal area on both sides of the TG1 part of the DRE. These areas appeared to contain the axons of neuron cell bodies that lay within reactivation foci.
At all of the time points tested, as in the mock-inoculated control animals, nearly all satellite cells in TG from latently infected mice treated with UV irradiation stained for TNF-␣. Their production of IL-6 was more variable.
In the majority of samples and, unlike the unirradiated controls, early after UV irradiation the satellite cells did not stain for IL-6. From day 3, in the majority of the samples, a small percentage of these cells (approximately 10%) were IL-6 ϩ ; in some samples all such cells were IL-6 ϩ . Large numbers (Ͼ200 per grid area) of infiltrating cells were also detected in the axon-rich peripheral portion of the dorsal part of the TG1 (Fig. 1C) and under the arachnoid membrane, particularly that which sheathed the lateral and dorsal surfaces of the TG1 (Fig. 1C and F) . Cells at these locations were present in 4 of the 13 TG samples taken on day 1; 2 of these 4 also had small foci of infiltrating cells within the ganglion. On subsequent days, all of the TG which showed evidence of reactivation (HSV-1 antigen and/or infiltrating immune cells) had large numbers of cells in the axon-rich peripheral portion of the dorsal part of TG1 and under the arachnoid membrane. At early time points, TNF-␣ and IL-6 were the only cytokines detected at these sites ( Fig. 1C and F) , and some TG samples had large numbers of cells, with dendritic processes, that stained for TNF-␣ (Fig. 1C, inset) . By day 7, very small numbers of IL-4 ϩ and/or IL-2 ϩ cells (Ͻ5 per grid area) were also detected. No infiltrating cells in the axon-rich peripheral portion of the dorsal surface of the TG1 or under the arachnoid membrane were seen in samples from mock-inoculated mice or in the ganglia from latently infected animals not stimulated by UV irradiation. a The number of mice with virus present in the eye washings, either on the day the animal was killed and/or on previous day(s) after UV irradiation, is given in parentheses.
b The mouse which was shedding virus before UV irradiation (spontaneous shedder) was excluded. 
DISCUSSION
The present study extends our previous observations with this mouse model (18, 20, 21) and supports the following picture of reactivation. (i) Reactivation occurs rapidly, in some cases probably earlier than 24 h after UV irradiation. In the mouse hyperthermia model of reactivation, others have reported virus isolation from ganglia as early as 14 h (16) which supply sensory fibers to the cornea. (vi) UV irradiation of the corneas of mock-inoculated control mice induced no inflammatory infiltration in the TG (21) . Thus, as in the previous study (21), we have interpreted both the foci of infiltrating immune cells which appear in the TG of latently infected mice and the appearance of virus antigen in the TG as evidence of reactivation after UV irradiation. Using these criteria, the incidence of reactivation in this study is high (28 of 45 animals, or 62%). (vii) The immune response in the TG is very rapid. (viii) A significant proportion, possibly 50%, of the reactivation events in the TG do not result in evidence of infection in the peripheral tissue. (vii) Spontaneous shedding of HSV-1 in the tear film is rare (in this study, virus was isolated from 1 of 46 eye washings taken prior to UV irradiation). We reported previously that in the normal mouse TG the only cytokine detected was TNF-␣ and was limited, almost exclusively, to satellite cells, of which approximately 30% were TNF-␣ ϩ (22) . This pattern was changed significantly after UV irradiation of the cornea of mock-inoculated mice (taken to be equivalent to the normal animals used previously), since there was transient expression of IL-6 by satellite cells and more long-term expression of TNF-␣ in nearly all such cells. Both of these cytokines have been demonstrated in the CNS after injury (2, 10) , and upregulated immunoreactivity to IL-6 in Schwann cells of the PNS has been demonstrated after nerve damage (9) . Therefore, both IL-6 and TNF-␣ may be involved in neuronal repair and protection, and it is likely that they have similar functions in the TG. The upregulation of IL-6 in satellite cells is also of particular interest in view of the suggested involvement of this cytokine in the induction of reactivation itself (see below).
In the latently infected animals before irradiation, the expression of cytokines by the satellite cells was slightly different since, in contrast to the 30% that were TNF-␣ ϩ in uninfected animals, nearly all such cells were TNF-␣ ϩ and most showed weak staining for IL-6. This suggests that either the presence of latent virus and/or the previous infection events in the ganglion may produce a persisting change in the pattern of cytokine expression. Moreover, in the latently infected animals, this pattern of expression did not change after UV irradiation, although there was a suggestion that, in some animals, the extent of IL-6 expression in satellite cells was decreased.
It has been suggested from studies of latently infected TG from nonimmunized mice that the persistence of lymphocytes and the cytokines they produce may be involved in the maintenance of latency (22, 8) . This hypothesis appears unlikely, since we detected only low numbers of persisting immune cells (21) in the ganglia from latently infected, passively immunized mice and, of these, only very small numbers were TNF-␣ ϩ . However, it is now clear that in the TG, satellite cells are a further source of cytokines, TNF-␣ and IL-6 in particular. Indeed, as mentioned above, in the latently infected TG, the extent of expression of these cytokines seems to be greater than normal. The possible role of cytokines from this source in mediating virus-cell interactions such as latency remains to be established.
The major routes by which immune cells infiltrate the TG in response to infection appear to be via the arachnoid membrane, which sheaths the ganglion and through channels in the axon-rich peripheral portion of the TG. Heavy immune cell infiltration of the arachnoid membrane has been seen during primary HSV-1 infection of the TG (5) . In this present study, two TG samples obtained 1 day after UV irradiation that had no evidence of reactivation, as defined above, had large masses of infiltrating cells (some of which were TNF-␣ ϩ ) in the peripheral portion of the TG. These cells were likely to be infiltrating in response to infected neurons at very early stages of reactivation.
TNF-␣ and IL-6 produced by immune cells were the predominant cytokines detected in the TG after reactivation. These cytokines were seen in cells close to virus antigen-positive neurons, suggesting that they may, as proposed for primary infections (22) , play a role in viral clearance. Indeed, some TNF-␣ ϩ cells had breached the satellite cell "barrier" and adhered to the membrane of the neuronal cell body. Similarly adhering cells, identified as ␥␦ T cells, were observed early in primary infection with HSV-1 in the mouse TG (13) , and there is evidence that these cells are important in restricting virus replication in the nervous system (17) . In some cells, TNF-␣ can induce apoptosis and, if this occurs in neurons, such cell death could halt virus replication. However, apoptosis was not observed in dorsal root ganglion neurons during primary infection with HSV-2 in the mouse (15) . There is no consensus on the role of TNF-␣ in viral infections. For example, TNF-␣ may have a direct antiviral effect on HSV-1 infection (6) and in the case of another virus, hepatitis B virus, gene expression is decreased (7) . In contrast, in vitro studies have provided evidence that this cytokine may promote HSV-1 reactivation (25) .
Macrophages and F4/80 ϩ dendritic cells were the most likely immune cell sources of TNF-␣ and IL-6 when virus was being cleared during primary infection, since these were the predominant infiltrating cells at this time (22) . In contrast, the foci of infiltrating cells (each with approximately 200 cells) formed after reactivation contained almost equal numbers of macrophages or F4/80 ϩ dendritic cells and T cells (both CD4 ϩ and CD8 ϩ ) (21) . Within these foci, approximately 75% of the cells stained for TNF-␣ and about a 50% stained for IL-6; many of these stained cells were mononuclear and lacked dendritic processes. This suggests that after reactivation, T cells are likely to be a major source of these cytokines and that some cells within these foci may be producing both cytokines. Lymphocytes at inflammatory sites may produce large amounts of IL-6, and in mice the producer cells are mainly Th2 in type. Moreover, T cells are a well-recognized source of TNF-␣, and it has been suggested that CD8 ϩ T cells may produce this cytokine during primary infection of the TG with HSV-1 (13) .
Virus produced in neurons after reactivation may be transported along axons towards the CNS, as well as to the periphery. Although no HSV-1 antigen was detected in the CNS at the DRE, small foci of infiltrating immune cells were seen in some samples on both sides of the DRE. These cells were between axons derived from areas containing foci of reactivation and were only in the TG where such foci were multiple, i.e., where a relatively large amount of virus was likely to be produced. As in the TG during reactivation and in the DRE during primary infection (22) , IL-6 and TNF-␣ were the predominant cytokines at the DRE, emphasizing again their importance in the nervous system in the immune response to HSV-1 infection.
While our observations clearly suggest that IL-6 may have an important function in the immune response to primary and reactivated infection, as previously mentioned, recent evidence has suggested that IL-6 may also have a role in the induction of reactivation itself. A very early (2 h) and transient rise in IL-6 mRNA was observed in latently infected TG in vivo after a period of brief hyperthermia (14) , a stimulus known to reactivate latent virus. Moreover, there was a reduction in the incidence of induced viral shedding in the tears of latently infected mice after treatment with antibodies to IL-6 (11) and IL-6 response elements were located in the LAT region of the viral genome (12) . In our study, however, all of the satellite cells in latently infected ganglia were already expressing IL-6 before irradiation. Therefore, detection of any upregulation of this expression would require methods more sensitive than immunohistochemistry. As previously mentioned, however, there was a general upregulation of IL-6 in satellite cells throughout the ganglion after UV irradiation of mock-inoculated animals.
Despite the large numbers of infiltrating T cells, IL-2 ϩ and IFN-␥ ϩ cells were very sparse, suggesting that a local Th1 response was unlikely. Local T-cell proliferation also appears unlikely, a strategy that may protect the nervous system from damage. Although we did not detect any IL-10, the presence of large numbers of IL-6 ϩ cells, together with IL-4 ϩ cells, was more characteristic of a Th2 type response. These IL-4 ϩ cells may aid in the induction of cytotoxic T-cell differentiation and promote growth of B cells (such cells also infiltrate the TG after reactivation [21] ). The continued presence of IL-6 would allow the terminal differentiation of B cells to plasma cells. Thus, in addition to the cell-mediated response to HSV-1, local antibody production may also play a role in the viral clearance after reactivation. Indeed, such an activity may explain the early observations of Stevens and Cook (23) that antiviral immunoglobulins were capable of suppressing the reactivation of HSV in ganglion explants in vitro.
In conclusion, these studies have further characterized reactivation events in the TG and have confirmed that, as in primary infections, TNF-␣ and IL-6 produced by both infiltrating immune cells and the resident glial cells may have a role both in viral clearance and in the protection and repair of the nervous system after the reactivation of HSV-1. The use of IL-6 and/or TNF-␣-deficient mice or specific inhibitors of these cytokines will permit further investigation of the roles of these cytokines in HSV-1 infection of the nervous system.
